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College students frequently use flashcard-based study methods to prepare for exams and
other course-related activities (Kornell & Bjork, 2007; Kornell & Bjork, 2008; Hartwig &
Dunlosky, 2012, Wissman et al., 2012). Despite the popularity of flashcards, there has been little
research evaluating the various methods used by students to create the flashcards and how those
methods effect learning outcomes (Sage et al., 2016; Sage et al., 2019). The rise in popularity of
web-based flashcard applications such as Quizlet (https://www.quizlet.com) and Cram
(https://www.cram.com), combined with an increase in online learning, has produced a need for
formal evaluation of handwriting versus typing study information onto flashcards. The present
study used a post-test only mixed design to directly evaluate the effects of these two methods of
flashcard creation on exam scores in an undergraduate Organizational Psychology course. We
found significant differences between flashcard type, with those who completed digital
flashcards scoring higher on the unit exams than those who completed paper flashcards. Social
satisfaction was also assessed using a questionnaire distributed to all participants at the end of
the study.
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INTRODUCTIONS
Flashcard-based study methods are popular among college students as a means of
learning information required for their courses (Kornell & Bjork, 2007; Kornell & Bjork, 2008;
Hartwig & Dunlosky, 2012, Wissman et al., 2012) and, more importantly, have been shown to
increase performance on exam scores (Golding et al., 2012). Additionally, flashcardshave been
shown to be most effective when students use them to self-test (Hartwig & Dunlosky, 2012;
Roediger & Butler, 2011). Technological advances have led to applications such as Quizlet
(https://www.quizlet.com) and Cram (https://www.cram.com) which make it possible for
students to easily move their flashcards online, creating a digital set of cards rather than physical
paper cards. These applications allow students to access the cards through mobile phones,
computers, and other devices such as tablets, which may be one of the more attractive features of
digital flashcards. Combined with the online availability of course materials, it seems the option
to create digital flashcards instead of paper flashcards is becoming increasingly more attractive
to students (Sage et al., 2019). However, convenience aside, there has been little empirical
research evaluating the effects of creating digital flashcards versus handwritten flashcards on
students’ ability to accurately recall information on exams (Sage et al., 2016; Sage et al., 2019).
Studying Digital versus Paper Flashcards
Though the research directly comparing handwriting paper flashcards versus typing
electronic flashcards is sparse, there has been some non-behavior analytic research evaluating the
differences in studying digital versus paper flashcards. Fuson and Brinko (1985) compared paper
flashcard drills to activities presented via a microcomputer on second, third, and fourth graders’
ability to recall basic math facts in subtraction and division. The participants either learned math
facts by answering the questions presented on the microcomputer or by completing paper
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flashcard drills. No significant differences for type of practice (microcomputer or paper
flashcards) were found between the groups. However, both groups showed an increase in test
scores from the pretest condition after six weeks, as indicated by a main effect of time, F(4, 132)
= 18.98, p < .001 for the subtraction group and F(4, 136) = 69.89, p < .0001 for the division
group (Fuson & Brinko, 1985, p. 228). When surveyed after the study, 63% of the children
reported liking the computer more than the paper flashcards because it was harder to cheat and
quicker than doing the traditional paper flashcard drills (Fuson & Brinko, 1985, p. 230). It is
important to note that this research did not require participants to create the practice activities or
flashcards; rather, it only required that they practice basic math facts using the premade digital
activity (microcomputer) and paper flashcards. Thus, this research suggests that there is no
meaningful difference on learning outcomes when practicing basic math facts using premade
digital activities or paper flashcards (Fuson & Brinko, 1985).
Sage et al. (2016) evaluated the use of paper versus digital flashcards in addition to the
“level of control over the pace of digital flashcards” (p. 436) on 110 undergraduate students’
ability to recall vocabulary. Additionally, they surveyed the students to measure the perceived
“cognitive load” (e.g. perceived difficulty and response effort) in all conditions (Sage et al.,
2016, p. 6). They arranged five different versions of the flashcards, with the first version being
the paper flashcards and versions two through five being digital flashcards with varying levels of
student control over pacing. For the memory recall task, they used 27 vocabulary words (two
practice words and 25 test words) with single word definitions (i.e., synonyms) from the
Graduate Record Exam practice list. The authors did not report the amount of time participants
were given to practice prior to the recall test but did state that participants had to move through
the cards one at a time and were not allowed to revisit any card after they moved passed it.
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Similar to the findings of Fuson and Brinko (1985), Sage et al. (2016) did not find a significant
difference in memory recall across paper and digital flashcard conditions but found that users
generally preferred more control over the pace of the flashcard activities (e.g., ability to pause
independently).
Using the same memory recall task as Sage et al. (2016), Sage et al. (2019) compared
self-made versus teacher-made paper, tablet, and computer flashcards on 108 undergraduate
students’ ability to recall vocabulary word and definition pairs. Additionally, they measured
students’ perceptions of cognitive load across all conditions via an online survey. Following a
15-minute practice session, the participants were given a 25-item vocabulary list and asked to
type the corresponding one-word synonym (Sage et al., 2019). In contrast to the findings of
previous research (Fuson & Brinko, 1985; Sage et al., 2016), the researchers found a significant
difference in the memory recall scores across groups (Sage et al., 2019). Participants that
practiced with paper and tablet flashcards had mean word recall scores of 16.22 and 15.78,
respectively, whereas those who used computer flashcards had a mean word recall score of 12.22
(Sage et al., 2019, Table 2). To summarize, those who practiced using tablet and paper flashcards
were able to memorize more synonym definitions than those that used the computer flashcards;
this contrast was significant, p = .002 (Sage et al., 2019, p .472). In addition, those who practiced
using ready-made cards had a mean word recall score of 15.94 comparted to a mean score of
13.54 for those who used self-created cards, which was found to be significant, F(1, 102) = 4.85,
p = .03 (Sage et al., 2019, p. 472).
The researchers administered a background questionnaire, in which many notable
findings were reported (Sage et al., 2019). On a 7-point Likert scale, participants reported a
strong preference (M = 5.56) for paper over digital flashcards. Participants also reported using
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hard copy textbooks over e-books (M = 5.84) and strongly preferred hard copy textbooks over ebooks (M = 5.76). Similarly, students reported a strong preference for paper over digital course
materials (M = 5.38). Finally, students reported rarely using tablets and desktops (M = 2.76 and
M = 3.37) and frequently using laptop computers (M = 6.63; Sage et al., 2019, Table 4).
The results of Sage et al. (2019) suggest that paper or tablet ready-made flashcards would
result in the highest amount of vocabulary recall in students. The authors attribute the differences
found between medium (type of flashcard) to the mobility (e.g., being able to easily swipe, flip,
and zoom in) of the tablet flashcards and the participants’ ability to physically manipulate the
paper cards (Sage et al., 2019). Behaviorally speaking, the flashcards displayed on the tablet
share more common physical properties to paper flashcards than do the flashcards displayed on
the computer screen. That is, the tablet flashcards are more similar in actual size and physical
appearance to the paper flashcards than the computer flashcards. Considering that students
reported a strong preference for paper flashcards (Sage et al., 2019, Table 2), it may be the case
that the participants had established learning histories with paper flashcards prior to the study.
Thus, due to the presence of similar stimulus dimensions between tablet and paper flashcards it is
likely that they fell into the same stimulus class (Malott, 2014). This could have resulted in a
higher amount of stimulus control over accurate recall on the memory task than the computer
flashcards.
Another marked finding from Sage et al. (2019) was the significant difference between
self-created and ready-made flashcards on memory recall. The researchers stated that the amount
of practice time was consistent across groups, each getting 15 minutes of practice (Sage et al.,
2019). However, it is important to note that participants who needed to create their own
flashcards had to do so within the 15-minute practice session (Sage et al., 2019, p. 270). The
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authors reported that it took participants about 5 minutes to create the flashcards which left 10
minutes for studying. The participants using the ready-made flashcards were given the full 15
minutes to study the flashcards (Sage et al., 2019). These results suggest that the time spent
writing the study material on to flashcards did not equally contribute (in comparison to time
spent studying) to memory recall, further suggesting that time spent studying (i.e., rehearsal) is
more valuable than time spent writing information down. This finding also provides some
empirical support for authors and publishers who provide premade flashcards with their
textbooks (Malott, n.d.; MacMillian Learning, n.d.). This research provides some evidence that
ready-made flashcards are better for facilitating recall; however, it is likely students will enroll in
courses that require self-made flashcards, meaning that pre-made flashcards are not included in
the course materials.
SAFMEDS
Though there is an emerging research base comparing the effectiveness of digital
flashcards versus paper flashcards outside of behavior analysis (Fuson & Brinko, 1985; Sage et
al., 2016; Sage et al., 2019), there is seemingly no research comparing methods of self-made
(handwritten or typed) cards. This comes as a surprise since flashcards-based study methods
have frequently been used in college teaching (Beverly et al., 2009; Cihon et al., 2012; Meindl et
al., 2013; Urbina et al., 2019). One specific flashcard method that has been used and evaluated
by behavior analysts is the say-all-fast-minute-every-day-shuffled (SAFMEDS; Lindsley, 1996,
p. 213) approach to flashcard studying (Bower & Orgel, 1980; Korinek & Wolking, 1984).
Lindsley first developed SAFMEDS while teaching college-level courses in the mid1970s, wherein he required his students to conduct 1-minute timings with flashcards and study
sheets and then record their performance on a Standard Celeration Chart (SCC; Lindsley, 1996,
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p. 213). Lindsley (1996) attributed the development of the SAFMEDS procedure to the need for
fluency-based education (also referred to as Precision Teaching). He cited a strong desire to
develop a teaching procedure that would result in students learning skills to fluency which is
defined as, “the fluid combination of accuracy plus speed that characterizes competent
performance” (Binder, 1996, p. 164; Lindsley, 1996).
To draw a distinction between SAFMEDS and other traditional flashcard methods,
Lindsley (1996) provided rationale for each component of SAFMEDS. He wanted his students to
avoid reading the cards silently so he required that they “say” them out loud. He required the
students to view “all” cards in the stack as opposed learning smaller subsets first and then adding
more cards later. He asked the students to move at a “fast” pace to avoid the error of learning
slowly and attempting to build speed later on. He required the practice drills be “a minute” “each
day” to prevent the students from extending the timings and skipping them all together. Lastly,
he instructed the students to “shuffle” the cards to avoid the error of learning the cards in a
specific order first and then attempting to shuffle later on (Lindsley, 1996).
Though behavior analysts view SAFMEDS as an effective classroom technology,
Quigley et al. (2018) conducted a comprehensive review of the scientific research on SAFMEDS
and found that only 27 data-based (as opposed to conceptual) and peer-reviewed articles had
attempted to evaluate SAFMEDS. Of those 27 articles, few compared SAFMEDS to other
instructional techniques (fluency-based or non-fluency-based techniques; Quigley et al., 2018).
Thus, the authors determined there was not sufficient evidence to conclude that SAFMEDS leads
to better learning outcomes in comparison to other traditional instructional techniques (Quigley
et al., 2018).
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Quigley et al. (2018) included the following review categories: purpose of the study,
research design, the content of SAFMEDS and the learning channel, population, adherence to the
basic SAFMEDS procedure, supplemental SAFMEDS procedures, whether or not the procedures
were altered based upon learner performance, Retention, Endurance, Application of Performance
Standards , and practice effects. These review categories give a wealth of information pertaining
to relevant SAFMEDS variables, however, we are more interested in the flashcards themselves.
Using the same articles that Quigley et al., (2018) included in his review, we conducted a brief
review of the SAFMEDS literature to identify whether any articles had evaluated the differences
between handwritten and typed self-made flashcards. See Table 1 for the results of the review.
Table 1
Results of SAFMED Review
Author, Year
Beverley et al., 2009
Bolich & Sweeney, 1996
Bower & Orgel, 1980
Byrnes et al., 1990
Calkin, 1996
Casey et al., 2003
Chapman et al., 2005
Clorfene et al., 1998
Cobane & Keenan, 2012
Cunningham et al., 2012
Eaton & Fox, 1983
Eshleman, 1985
Fox & Gheezi, 2003
Hartnedy et al., 2005
Hughes et al., 2007
Kim et al., 2001
Korinek & Orgel, 1980
Kubina et al., 2000
McDade & Olander, 1990
McDade et al., 1985
Meindl et al., 2013
Nam & Spruill, 2005
Olander et al., 1986
Polson et al., 1997

Self-made or Ready-made?
Ready-made
Ready-made
Self-made
Ready-made
Ready-made
Ready-made
Self-made & Ready-made
Self-made
Ready-made
Unknown
Unknown
Unknown
No Flashcards Used
Ready-made
Ready-made
Unknown
Unknown
Ready-made
Self-made & Ready-made
Ready-made
Ready-made
Ready-made
Ready-made
Ready-made

Handwritten or Typed
N/A
N/A
Unknown
N/A
N/A
N/A
Handwritten
Handwritten
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Handwritten
N/A
N/A
N/A
N/A
N/A

7

Table 1 – continued
Ragnarsdottir, 2007
Stockwell & Eshleman, 2010
Togade et al., 2012 - 2013

Ready-made
Ready-made
Ready-made

N/A
N/A
N/A

The results of our brief review of the SAFMEDS literature shows that, of the 27 articles
included, only four stated that the participants created their own flashcards. Nineteen articles
utilized ready-made flashcards, meaning the researchers made the flashcards for the participants
prior to the study. These results are significant given that, in the typical course environment,
students make their own flashcards to study. Furthermore, of the four articles that used self-made
flashcards, three articles mentioned that the students hand wrote the information onto the
flashcards while one article did not mention the method used to create the cards at all. These
results highlight the existing gap in behavioral research pertaining to specific methods of
flashcard creation.
One notable SAFMEDS study, conducted by McDade and Olander (1990), compared the
effectiveness of three different SAFMEDS procedures. In the first procedure (referred to as
SAFMEDS: Q & A), students were provided premade questions and answers from the instructor
and then required to copy the question and answers on to flashcards (question on the front and
the corresponding answer on the back; McDade & Olander, 1990). In the second procedure
(referred to as SAFMEDS: S), the instructors provided a list of terms to students who were then
were required to generate a relevant question and answer for each term. From there, the students
transferred the question and answer pairs onto individual flashcards. For the third procedure
(referred to as SAFMEDS: I), the students were tested using instructor-generated flashcards. In
this procedure, students had not seen the flashcards prior to the test. The experimenters measured
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the highest frequency of correct response, number of attempts to master units, average time (in
days) to master units, and student preference (McDade & Olander, 1990).
The mean highest frequency of correct responses was 33.82 for SAFMEDS: Q & A,
32.78 for SAFMEDS: S, and 32.77 for SAFMEDS: I. The mean number of attempts to master
units was 1.57 for SAFMEDS: Q & A, 1.44 for SAFMEDS: S, and 1.54 for SAFMEDS: I. The
mean average time to master units (in days) was for 1.16 for SAFMEDS: Q & A, 1.06 for
SAFMEDS: S, and 1.16 for SAFMEDS: I. The experimenters found no significant differences
between procedures on all three measures suggesting that the method of SAFMEDS card
creation did not significantly impact the participants’ performance. Additionally, they found
seven students preferred testing with SAFMEDS: Q & A, three students preferred testing with
SAFMEDS: S and three students reported no preference (McDade & Olander, 1990). Notably,
the researchers stated they found a strong correlation between the student protocol preference
and the period of time needed to master units, meaning the students moved faster when they
were using their preferred procedure than they did when using a non-preferred procedure
(McDade & Olander, 1990). Lastly, in the two SAFMED procedures that did require the students
to make their own flashcards, it was stated that only one method of flashcard creation was used;
the students wrote the flashcards by hand during class (McDade & Olander, 1990). Thus, the
question still remains whether typing the information onto digital flashcards (as one would when
using applications such as Quizlet or Cram to create their own flashcards) versus writing the
information onto paper flashcards would affect the students’ ability to recall information during
testing.
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Creating Digital versus Paper Study Materials
When evaluating whether handwriting versus typing information onto flashcards is more
effective, the root question really becomes—does the topography of behavior during flashcard
creation affect the person’s ability to recall that information after some delay? Furthermore, does
the topography of behavior during flashcard creation require or evoke different covert activities?
For example, does a student recite the information covertly (i.e., repeat the information silently
in their head) more often if they are handwriting the information versus typing the information?
Does a student recite the information in whole words if they are handwriting versus reciting
single letters when typing? Does that covert activity result in the person becoming fluent in the
information more quickly? Fortunately, there has been some cognitive and neuroscientific
research comparing handwriting notes versus typing notes on memory recall which provides
some insight to the differences between the two approaches.
Aragón-Mendizábal et al. (2016) used three different tasks to examine the differences
between handwriting notes on paper and typing notes on a computer. They first asked students to
write or type the alphabet in alphabetical order as many times as they could in 30 seconds. The
second task what a test of verb fluency in which they asked the participants to write or type as
many complete sentences as they could in two minutes. The final task was a memory recall test
wherein a list of 35 common words were listed on the left side of the paper or computer screen.
The participants then had to copy those words onto the right side of the paper or computer
screen. Following that activity, the participants engaged in a “distracting task” which involved
solving 5-figure multiplication problems. After five minutes, the participants were asked to recall
(by writing or typing) as many of the original 35 common words they had copied over. Finally,
the participants were presented with a list of 40 words (35 were from the original list and 5 were
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“false” words) and asked to identify the words that originally appeared in the word list at the
beginning of the task; the authors stated that this test assessed word recognition (AragónMendizábal et al., 2016).
The results of Aragón-Mendizábal et al. (2016) showed that the group that used a
computer to type notes had a higher mean score for Task 1 (typing/writing the alphabet) and
Task 2 (typing/writing correct sentences) than did the handwriting group. Additionally, the
typing group scored higher on the word recognition task with a mean score of 31.52 compared to
the handwriting group with a mean score of 29.97. Interestingly, and perhaps most relevant to the
present study, the authors found that the handwriting group had a higher mean score (M=8.71)
on the memory recall task than did the typing group (M=7.22); the authors found this difference
to be statistically significant (p<0.021) across experimental groups (Aragón-Mendizábal et al.,
2016).
The authors speculated that the differences between groups in memory recall and
recognition may be attributed to the level of “processing” that occurs when typing or handwriting
words. They suggested that when a student is typing, they may only consider words as objects or
sets of letters which leads to superficial processing of that content. Conversely, when a student is
handwriting, they process the words as semantic units which leads to a deeper level of
processing: a level that would likely contribute to better memory recall. This conceptualization is
also said to explain the group differences in the word recognition task. The authors state that
word recognition does not require a deep level of processing, whereas memory recall does. The
authors stated this could explain why the computer group performed better than the handwriting
group on word recognition but not memory recall (Aragón-Mendizábal et al., 2016).
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Similarly, Mangen et al. (2015) utilized a within-subject design to assess the impact of
handwriting, typing on a desktop keyboard, and typing on an iPad on-screen keyboard on
memory recall and recognition. To assess memory recall, the experimenters used a listeningwriting activity in which they read a list of words aloud to participants. The participants were
instructed to write the words down as the experimenters read them aloud; the way in which they
wrote the words (i.e., handwriting, typing on a desktop keyboard, or typing on an on-screen
keyboard) varied depending on which condition was in place. After the listening-writing activity
was over, the participants put their word list away and were asked to vocally recall as many
words from the list as they could remember. For the word recognition task, experimenters read
words out loud and asked the participants to state “yes” or “no” as to whether each word was
included in the list they had previously written down during the listening-writing activity (Magen
et al., 2015).
The results of the Magen et al. (2015) study showed that participants were able to recall
more words after handwriting the words versus when they typed on a desktop or on-screen
keyboard. The mean scores for the free recall task for the handwriting, keyboard, and iPad
modalities were 15.33, 13.89, and 13.64, respectively. The difference in scores across modalities
for the free recall task was only found to be statistically significant for handwriting (p<.049). The
mean scores for the word recognition for the handwriting, keyboard, and iPad modalities were
2.91, 2.78, and 2.67, respectively, none of which were found to be significant (Magen et al.,
2015, Table 2). These results align with those of Aragón-Mendizábal et al. (2016) in that
handwriting was shown to facilitate better performance during memory recall tasks than did
typing.
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Magen et al. (2015) stated that, given the results of their study, “there may be certain
cognitive benefits to handwriting which may not be fully retained in keyboard writing” (p. 239).
The authors provided various potential explanations to their most significant finding—memory
recall being greater during the handwriting modality. These explanations were given in the
context of cognitive processing theories which made it difficult to pinpoint the possible
behavioral phenomena at play. One explanation offered by the authors that appeared to be of
most relevance from a behavioral perspective is that when the participants were typing, they
often rotated between looking at the keyboard and then looking at the screen. Though they did
not directly measure this, the researchers suggested that the time the participants spent looking at
keyboard likely varied depending on typing proficiency; a more skilled typist may look at the
keyboard less often than a less skilled typist (Magen et al., 2015). However, when the
participants were handwriting, they spent the majority of their time (if not all of the time)
looking at the paper and the words themselves. The difference in visual focal points during the
writing activity between the two modalities could have resulted in participants having different
durations of exposure to the visual stimuli (the written words) themselves prior to the recall task.
Cognitive research and interpretations of these events contain limitations in that the
theories and constructs related to “processing” are generally untestable. However, previous
neuroscience research has shown more objective evidence of the differences in recorded brain
activity when reading written versus typed characters (Longcamp et al., 2008). Specifically, “the
brain activation of participants in the handwriting condition was more pronounced in several
regions known to be involved in the imagery, observation, and execution of actions, more
precisely the left Broca’s area and bilateral inferior parietal lobules” (p. 233; Longcamp et al.,
2008 as cited in Magen et al., 2015). These results are of importance in that they suggest that
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differences do exist in the private events taking place across writing modalities (handwriting
versus typing) though these specific results are limited to single character recall (Longcamp et
al., 2008).
Smoker et al. (2009) extended recall and recognition investigations to whole words. The
researchers used a between-groups design with 61 participants in total. In the handwriting
condition, the participants were given a printed list of words and asked to copy each word by
hand. In the typing condition, participants were given the same list of words presented on a
computer screen and asked to copy each word by typing. After copying the words, the
experimenters introduced a distractor task and asked participants to complete the task. Following
the distracter task, the participants were given five minutes to recall as many words as they could
remember from the previous list by writing them onto a blank sheet of paper. Lastly, the
participants were given the recognition task in which they had to identify previously seen words
from a list containing both new words and words from the previous list (Smoker et al. 2009). The
results of the study showed that the handwriting group performed better (M = 5.07) on the recall
task than did the typing group (M = 4.10). This difference was not found to be statistically
significant, though according to the researchers, the difference “approached” significance (p.
1746; Smoker et al., 2009). There was, however, a statistically significant difference found
between groups on the recognition task with the handwriting group performing significantly
higher (M = 11.73) than the typing group (M = 10.19; Smoker et al. 2009, Table 1).
A behavioral explanation of the covert processing is needed to understand the possible
variables that contributed to the results of Aragón-Mendizábal et al. (2016), Mangen et al.
(2015), Longcamp et al. (2008), and Smoker et al. (2009). In all studies, the participants were
engaging in an echoic response. That is, they were hearing or reading information and then
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repeating that same information either by typing or writing; there was point-to-point
correspondence between the evoking stimulus and response. The variable that was manipulated
between the groups was the topography of behavior: moving a writing utensil across paper to
produce words versus pushing individual buttons on a keyboard or touch screen keyboard to
produce words. Thus, it is of practical importance that we identify if and how the topography of
behavior under these conditions affects a person’s ability to recall information after some delay.
The Current Study
The motivation for the current study developed out of a need identified in the classroom
setting: Is it more effective for students to handwrite their flashcards or type them? That is, our
fundamental aim was to use the results of this study to directly inform classroom strategies
among college instructors. The purpose of the current study was to evaluate the effects of two
different flashcard creation methods on students’ exam scores.
METHOD
Participants and Setting
Undergraduate students enrolled in two sections of an Organizational Psychology course
at a Midwestern university were the participants of this study. All students currently enrolled in
the Organizational Psychology course were eligible to participate; there were no exclusionary
criteria. The course is a 2000-level course and therefore is taken by students with varying levels
of academic experience (e.g., the course is appropriate for both a freshman-level student and a
senior-level student). Demographic and general academic information was obtained for each
participant via a survey at the conclusion of the study. Approval for this research was obtained
through the university’s Human Subject Institution Review Board (see Appendix A).
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The research took place during pandemic conditions. Because of this, the course in which
the research was conducted was offered online in an asynchronous format. That is, the students
completed all course activities independently per the course schedule (outlined in the course
syllabus) and did not have required class meetings. Participants completed all research activities
online as they did in the course.
Materials
Data collection and data analysis was completed using an Apple Macbook Pro® computer
with Microsoft Excel® and Minitab®. We created a datasheet using Microsoft Excel® to
aggregate participant data and to create visual displays of those data. See Appendix B for a
sample of the datasheet. We used Minitab® to run descriptive and inferential statistics on the
participants’ data directly taken from the datasheet. Surveys for informed consent (see Appendix
C) and social validity were created and distributed using Qualtrics XM®. To distribute the
surveys, we sent links to the participants’ university email addresses with detailed instructions,
including deadlines for survey completion.
Participants who were enrolled in the section of the course that completed digital
flashcards used Quizlet to complete their flashcards. Quizlet is an online application that allows
users to create, store, and interact with flashcards. In order to create digital flashcards using
Quizlet, students had to create a free account. They were able to use the mobile and/or desktop
versions of the application to participate in the research. Participants enrolled in the section that
completed paper flashcards were recommended to use standard 3 x 5 index cards.
As a part of normal course activities, students completed flashcards based on the study
objectives provided by the course instructors. They also completed online exams for each
instructional unit. All required course materials (e.g., readings, study objectives, assignments,
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pre-recorded lectures, and exams) were posted on the course sections’ eLearning webpages
where students were able to freely access the materials throughout the semester. Participants
needed a computer (or mobile device) and internet in order to access the course’s eLearning
webpage.
Experimental Design
In order to assess for group differences, this study utilized a posttest only, repeated
measures, two-factor mixed design with a GPA covariate. Each section of the course required
students to complete flashcards as a part of normal course activities. One section of the course
required students to complete handwritten physical flashcards whereas the other section of the
course required students to complete typed digital flashcards. The section that required
handwritten flashcards was considered Group 1 and the section that required digital flashcards
was considered Group 2.
Aside from the type of flashcards completed by students, both sections had identical
course design and used the same course materials (e.g., readings, study objectives, pre-recorded
lectures, exams, etc.). Additionally, both sections were taught by the same graduate student
instructor. However, due to the way we assigned groups, it is possible that there weree preexisting group differences related to GPA. This limitation is addressed in detail in the data
analysis section.
Independent Variable and Procedure
The independent variable was the method of flashcard creation. There were a total of six
units in the course. Each unit required the participants to answer study objectives based on the
readings in that unit. The participants then completed the flashcards with the study objective
information by placing the study objective on the front of the flashcard and the answer to the
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study objective on the back. The students were given a specific recommendation (via the course
syllabus) to break larger study objectives down into smaller component questions. That is, if a
single study objective contained four separate questions, it was recommended that the students
make four separate flashcards for that one study objective. Participants completing paper
flashcards submitting them by taking pictures of the fronts and backs of the flashcards and then
uploading the pictures to a dropbox folder in eLearning. Participants completing digital
flashcards on Quizlet could either (a) export the digital cards as PDF file and upload the file to
eLearning, or (b) they could print the digital flashcards and submit pictures of them similarly to
the students submitting handwritten paper flashcards.
After completing the flashcards for the unit, the participants used their self-made
flashcards to study the instructional content. We were not interested in the specific flashcard
study methods used by students after they make the flashcards, and therefore, we did not attempt
to control participant behavior after flashcard creation. The students then took an exam to
conclude each unit. The exams were worth 35 points each and were given online via eLearning.
They were a combination of multiple choice, fill-in-the-blank, matching, listing information,
ordering, multiple-selection, and short-answer essay questions. All exam questions were directly
based off of the study objectives given to the students at the beginning of each unit.
Dependent Variable and Measurement
The primary dependent variable was the number of points the participants earned on
exams across all six instructional units. We obtained these data directly from eLearning at the
end of each unit and then transferred them into the datasheet for analysis (see Appendix A). Each
section completed the same exam over identical study objectives each unit. Multiple choice,
matching, ordering, multiple-selection, and fill-in-the-blank questions were graded automatically
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by eLearning; the course instructor manually graded any short answer exam questions and
manually regraded any fill-in-the-blank questions that were automatically marked as incorrect (to
give back credit for any questions graded as incorrect due to spelling/grammar issues). We
compared the exam scores across both sections to assess for group differences. If a participant
failed to submit flashcards or complete an exam for a unit, their data were not included in the
analysis.
A secondary analysis was completed on the digital flashcard submissions to determine if
students were studying the digital flashcards on Quizlet or if they were printing the digital
flashcards and studying them as traditional paper flashcards. To do this, we visually inspected
the participants’ flashcard submissions to identify whether they submitted the flashcards as a
PDF file or if they submitted a picture of typed but printed flashcards. If a participant submitted a
PDF file of their flashcards, we assumed the student intended to study the flashcards online using
Quizlet. If a participant submitted a picture of printed digital flashcards we assumed the student
intended to study them as traditional paper flashcards.
Data Analysis
We used descriptive and inferential statistics to compare the effect of handwriting paper
flashcards and typing digital flashcards. Descriptive statistics were reported and analyzed to
compare group averages and variability across sections. Additionally, we ran a two-factor
ANCOVA to control for differences in GPA and to determine if a significant difference in exam
scores exists across flashcard type and time.
Social Satisfaction
Social satisfaction was assessed via a survey distributed to participants at the end of the
study. A copy of the survey can be found in Appendix D. The survey asked questions to evaluate
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the participants’ overall satisfaction with their assigned flashcard method (handwritten or typed)
as well as questions related to the amount of perceived effort and payoff. Lastly, the survey
assessed participant preference regarding methods of flashcard creation.
Interobserver Agreement (IOA) and Treatment Integrity
To conduct IOA, the principle investigator (also serving as faculty supervisor for the
course) transferred exam scores of the students who consented to participate in the research and
aggregate exam data directly from eLearning into the research datasheet. The research assistant
then repeated the same process independently into a separate datasheet. The student investigator
compared both data sets to identify disagreements and calculate total agreement IOA. IOA was
conducted on 100% of the data used in the study. For student flashcard and exam data, IOA was
98% and for aggregate exam data, IOA was 98%. After IOA was calculated, the principle
investigator revisited the data in eLearning and came to a final decision on all disagreements. We
reviewed the syllabi for each section of the course, prior to the start of the semester, to confirm
that one section was assigned to completed flashcards by hand and the other section was
assigned to type digital flashcards.
RESULTS
Exam and Flashcard Performance
Group exam performance was analyzed using a two-factor ANCOVA where flashcard
type and time were factors and GPA was the covariate. The two-factor ANCOVA (as opposed to
one-factor ANCOVA) was selected due to the repeated measures characteristic of our
experimental design. This test identified whether (a) the flashcard creation method was related to
exam performance (main effect), (b) time was related to exam performance (main effect), and (c)
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there was any interaction between the flashcard creation method and time on exam performance
(interaction effect). A summary of the descriptive statistics can be found in Table 2 and Figure 1.
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Table 2
Means, Standard Deviations, and Ranges for Exam Scores
Time
Unit 1
Unit 2
Unit 3
Unit 4
Unit 5
Unit 6
Overall

M
26.56
26.78
27.56
29.56
33.56
29
28.83

Paper
SD
5.39
4.24
4.07
1.51
.24
3.67
4.22

Range
15-32
22-32
20-32
27-32
33-35
24-35
15-35

M
30.25
31.50
30.50
31.63
33.13
30.88
31.33

Digital
SD
3.85
3.46
4.34
2.26
1.13
1.61
3.41

Range
23-34
25-35
22-35
27-34
31-34
23-35
22-35

Figure 1
Average Exam Scores Across Units
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The digital group performed better than the paper group on every unit exam, with the
exception of unit 5. For exams 1, 2, 3, 4, and 6, the digital group outperformed the paper group
by an average of 3.06 points. The difference between the total group means was 2.50 points.
To give these results additional context and to control for pre-existing differences between
groups, we were interested in the relationship between GPA and exam score. The average GPA
of the paper group was 3.62 and the average GPA of the digital group was 3.84. Despite the .22
difference in average GPA between the two groups, the covariate was found to be nonsignificant in relation to exam scores with a p-value of .173. Although the relationship was nonsignificant, there is still a chance the difference in GPAs across groups affected exam
performance independently of the flashcard creation method.
Both flashcard type and time were found to be significant with p-values of .007 and .002,
respectively. That is, there was a significant difference in exam scores across the two flashcard
creation methods. Additionally, there was significant differences in exam scores across time
periods, specifically for exam 1 and 5. There was no significant interaction effect detected
between flashcard type and time, with a resulting p-value of .391.
Because our design involved repeated measures across participants, we were interested in
within subject trends across units. Figures 2 and 3 display each participant included in the
analysis and their respective exam scores across units, GPA, and exam average.
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Figure 2
Individual Participant Exam Scores Across Units (Paper Group)
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Figure 3
Individual Participant Exam Scores Across Units (Digital Group)
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As can be seen in the paper group’s data, six of the nine participants (participants A, B,
E, F, G, & H; 67%) steadily increased their exam performance across units. However, in the
digital group, that same increasing trend only occurred in four of the eight participants
(participants N, O, P, & Q; 50%). Furthermore, the increasing trend across units in the digital
group participant data was more variable than it was in the paper group participant data.
Additionally, seven of the nine (78%) participants in the paper group showed a noticeable
decrease in exam performance on unit 6 from their unit 5 score, whereas only four of the eight
(50%) participants in the digital groups showed the same decrease on unit 6 exam performance.
There were a combination of short answer, multiple choice, fill-in-the-blank, multiple
selection, ordering, and matching questions on the exam. To assess for differences between
groups on the difference types of exam questions, we gathered aggregate course data for each
group. Figure 4 shows group responding on each type of question, across units. There are no
notable trends across different question types.
We experienced a large amount of missing data. At the beginning of the semester, we
started with 19 participants in the paper group and 15 participants in the digital group. With
repeated measures across participants, this would have resulted in 114 observations for the paper
group and 90 observations for the digital group. Since our analysis looked at a within-subjects
component (main effect of time), if the participant had missed a flashcard submission at any
point during the 6 units, we were unable to use any of their data in the analysis. Ultimately, our
analysis included eight participants with 48 observations for the digital group and nine
participants with 54 observations for the paper group. Interestingly, there was a noticeable
difference in the number of missing flashcard submissions between groups. Figure 5 shows the
number of missing flashcard submissions for each group. Additionally, we ran a binary logistic
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regression to determine if there was a relationship between missing assignments and GPA.
Results of the binary logistic regression indicated that there was a significant negative
association between GPA and missing assignments (p = .007). This means that as GPA
increases, the probability of a missing assignment decreases.
Figure 4
Group Responding on Different Types of Questions
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Figure 5
Number of Missing Flashcard Submissions

Social Satisfaction Results
Demographic and satisfaction data were collected via a Qualtrics survey at the end of the
academic semester. A total of 21 participants completed the survey resulting in a 62% overall
response rate. It is important to note that not all of the participants who completed the survey
were actually included in the final analysis of the exam data due to issues with missing data. To
increase the probability of truthful responding, the survey was completely anonymous, and
therefore we had no way of sorting the survey data to only include responses from the
participants whose exam scores were included in the analysis. Demographic information for all
survey respondents can be found in Table 3. Summary data for social satisfaction can be found in
Table 4.
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Table 3
Participant Demographic Information
Characteristic
Paper
n
%
Age
18 – 25
11
92%
30 – 35
1
8%
Gender
Female
11
92%
Male
1
8%
Undergraduate Status
Sophomore
5
42%
Junior
2
17%
Senior
5
42%
Major of Study a
Psychology
9
75%
Other
5
42%
Number of Psychology
Courses Prior
3 or more
10
83%
2
2
17%
a Percentages

Digital

Total Sample
n
%

n

%

9

100%

20
1

95%
5%

7
2

78%
22%

18
3

86%
14%

4
2
3

44%
22%
33%

9
4
8

43%
19%
38%

7
4

78%
44%

16
9

76%
43%

8
1

89%
11%

18
3

86%
14%

in this category total more than 100% due to students reporting double majors

Seventy-six percent (n=16) of all participants reported being either extremely or
somewhat satisfied with the specific flashcard procedures used in the course while about 14%
(n=3) of all participants reported being either somewhat or extremely dissatisfied with the
flashcard procedures. In both the paper and digital groups, the majority of participants (67% and
67%, respectively) reported that both the time to create and the time to study the flashcards was
worth the results they achieved in the course. Additionally, 86% (n=18) of all participants
reported the method of flashcards they were assigned was helpful for teaching the course
material. Figure displays other notable findings of the social satisfaction survey.
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Table 4
Social Satisfaction Results
Question
Would you consider yourself to be a touch typist?

Have you ever used flashcards to study for college exams prior to this course?

If you have ever made flashcards in the past for other courses, did you create digital or
paper flashcards more often?

Do you prefer creating digital or paper flashcards more?

Do you prefer studying digital or paper flashcards more?

Did you find the method you used for creating flashcards in this course helpful for teaching
you the exam material?
Did you ever use a different method of flashcards from the one you were assigned to use in
the course?
Approximately, how much time did you spend each unit creating flashcards?

Approximately, how much time did you spend each unit studying flashcards? Note- Do not
count the time you spent creating the flashcards.
Do you feel the time/effort you put into creating and studying the flashcards was worth the
results you achieved in this course?

Overall, how satisfied were you with the specific flashcards procedures used in this course?

Response Option

17%
50%
25%
8%
17%
33%
42%
25%
33%
58%
8%

Digital
%
11%
78%
11%
33%
33%
11%
22%
33%
33%
11%
22%
67%
22%
11%
44%
44%
11%

Yes
No

83%
17%

89%
11%

Yes
No
Less than 1 hour
1-2 hours
3-4 hours
Less than 1 hour
1-2 hours
3-4 hours
Time to study not worth it
Time to create not worth it
Neither was worth it
Both was worth it
Extremely Satisfied
Somewhat satisfied
Neither satisfied nor dissatisfied
Somewhat dissatisfied
Extremely dissatisfied

25%
75%
8%
83%
8%
8%
50%
42%
8%
17%
8%
67%
25%
42%
17%
8%
8%

33%
67%
11%
89%

Yes
Somewhat
No
3 or more
2
1
0
Paper more often
Digital more often
Both equally as often
I didn't make cards prior to this course
Digital
Paper
No preference
Digital
Paper
No preference

Paper
%
33%
58%
9%
50%
33%

89%
11%
22%
11%
67%
33%
56%

11%
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Figure 6
Results of Social Satisfaction Survey
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DISCUSSION
Our main research goal was to investigate two flashcard creation methods to identify
which method resulted in higher exam scores in a college learning environment. Our findings
indicate that there was a significant difference between the exam scores across the two flashcard
methods, with the digital flashcard group achieving an overall mean exam score of 31.33 as
compared to a mean exam score of 28.83 for the paper flashcard group. In the specific course our
research was conducted in, the difference between the two mean exam scores is one and a half
letter grades. Thus, these results were not only statistically significant, but they were also
practically significant. Additionally, we found significant differences on participants’ exam
performance across time.
The findings of our research did not align with the previous research, which has shown
handwriting words to be more effective at facilitating recall than typing words (AragónMendizábal et al., 2016; Mangen et al., 2015; Longcamp et al., 2008; Smoker et al., 2009). The
most notable differences between our study and the previous literature is the complexity of the
material used (single words versus multiple sentences) and the opportunity to engage in rehearsal
of the material (e.g., studying) prior to the recall test.
The introduction of studying could have influenced our results in various ways. It may be
that within our study, the two groups of participants engaged in different study behaviors that
differentially impacted their exam scores independently of the flashcard creation method. In
other words, the digital group may have engaged in a study method that produced better exam
scores than did the paper group. Additionally, the difference in GPA between groups could have
contributed to the digital group performing better on the exams than the paper group. However, it
should be noted that both groups were given identical recommendations for how to study
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flashcards using a general self-testing procedure in the course syllabi at the start of the semester.
Therefore, if differences in studying between groups were present, there were no course
procedures in place that would have systematically influenced that difference between groups.
The amount of time the participants in each group spent studying for the unit exams is
also relevant. Since typing flashcards is generally faster than handwriting them, it is possible the
digital group had more time to study the flashcards prior to the exam. To get an idea of how long
the participants were studying, we asked them to report (via survey) approximately how long
they spent studying the flashcards for each unit. For those in the paper flashcard group, 50%
(n=6) of survey respondents reported spending one to two hours studying, 42% (n=5) reported
spending three to four hours studying, and 8% (n=1) reported spending less than hour studying.
For those in the digital group, 89% (n=8) of survey respondents reported spending one to two
hours studying, and 11% (n=1) reported spending three to four hours studying. Thus, the
participants assigned to the digital group reported spending less time studying than did those in
the paper group. These results are displayed graphically in Figure 9. In addition, the survey
results do not indicate that the digital group was able to make their flashcards significantly faster
than the paper group. Both groups reported spending approximately the same amount of time
creating the flashcards (see Figure 6).
It is possible that the type of covert behavior the participants engaged in during flashcard
creation differed across groups. That is, the form of behavior (typing or writing) may have
evoked different covert activities that influenced the participants’ ability to recall information
later on. Prior to conducting the study, we predicted that those who were handwriting the
answers may be more likely to rehearse whole words or phrases; whereas those who are typing
the answers may be more likely to rehearse single letters. We predicted that this difference in
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covert behavior would be dependent upon the level proficiency in handwriting and typing. That
is, if the participant is not proficient at writing or typing, they may be more likely to rehearse
single letters as they attempt to locate the keys on the keyboard or write the word out. If the
participant is proficient at writing or typing, they may be more likely to rehearse whole words or
phrases.
In the current study, we anticipated most participants would be proficient in writing but
may not be proficient in typing. However, given that 95% of the participants were 23 years old
or younger, it is possible they were all proficient computer users. It is also possible that they
were not as proficient in writing as they were typing, therefore allowing for easier covert
rehearsal of whole words and phrases in the digital group than in the paper group. However, this
speculation is not necessarily supported by our survey results. When we asked the participants if
they would consider themselves “touch-typists,” only 24% (n=5) responded yes, 67% percent
(n=14) responded “somewhat,” and 10% (n=2) responded no. Future research should consider
objectively measuring proficiency of typing and handwriting prior to the study as it is possible
participants underreported their typing abilities.
Stimulus control may have contributed to the findings our research as well. Since the
research was conducted in a course that was offered online, exams were taken online. That said,
it is possible that the digital group performed better on the exams due to studying electronic
flashcards. That is, the digital flashcards shared more stimulus dimensions (i.e., looked more
similar) with the exam than did the paper flashcards. If these stimulus control relations did
contribute to better exam performance in the digital group, we may not have achieved the same
results if the exams were given on paper.
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Limitations and Future Research
The number of total observations was limited due to the amount of missing data in both
groups. The reasons for missing data are unknown; however, we speculated that the paper group
had more missing flashcard submissions due to the response effort of making the flashcards as
well as submitting them. To submit the paper flashcards, participants had to take a picture of the
front and backs of their cards and then upload both pictures to elearning. Whereas the digital
group only had to download a PDF file containing their cards from Quizlet and then upload the
PDF file to elearning.
Additionally, after removing all missing data, we reduced the variability in participant
GPA which likely contributed to the non-significant relationship between exam scores and GPA
in our ANCOVA. This non-significant finding may be misleading in that it suggests there was
not a relationship between GPA and exam scores. However, this finding should be interpreted
with caution as we inadvertently restricted the range of GPA through the omission of participant
data that contained missing assignments. Moreover, GPA was found to be significantly related to
the probability of a missing assignment. Those who had lower GPAs were more likely to have
missing assignments and those who had missing assignments were dropped from the dataset. For
reference, the mean GPAs for the paper and digital groups prior to removing the data of those
with missing assignments was 3.32 (range = 2.07-4.0) and 3.53 (range = 2.27-4.0), respectively.
The mean GPAs for the paper and digital groups after removing data of these with missing
assignments was 3.62 (range = 3.34-4.0) and 3.84 (range = 3.43-4.0), respectively.
Aside from GPA, it is possible there were pre-existing group differences that influenced
the participants’ exam scores independently of flashcard creation method. However, when we
asked the participants to self-report on variables we thought might have been relevant to
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individual differences in learning histories, we did not identify notable differences between
groups on most variables. When asked how many psychology courses the students had prior to
the study, 83% (n=8) of participants in the paper group and 89% of participants in the digital
group reported having three or more classes; and 17% (n=2) of participants in the paper group
and 11% (n=1) of participants in the digital group reported having two classes. Thus, the groups
were relatively similar along this variable. There were similar proportions of sophomores,
juniors, and seniors across both groups with the paper group containing 42% (n=5) sophomores,
17% juniors (n=2), and 42% (n=5) seniors; and the digital group containing 44% sophomores
(n=4), 22% (n=2) juniors, and 33% (n=3) seniors. Additionally, 75% of participants in the paper
group were psychology majors and 78% of participants in the digital group were psychology
majors. Again, we did not identify any significant differences in these participant variables
across groups.
However, when asked the participants how much previous exposure to flashcards they
had prior to the study, we did see noticeable differences between groups. Fifty percent (n=6) of
participants in the paper group reported using flashcards in three or more classes, whereas only
33% (n=3) of participants in the digital group reported the same. This difference in amount of
experience with flashcards prior to the research could have affected the participants’
performance on exams, although we are uncertain as to what effect this had in our study. Those
who completed paper flashcards reported having more experience than those who completed
digital flashcards. Thus, it is possible that those who completed paper flashcards had to engage in
a completely new flashcard procedure for the study that may have “competed” with flashcard
procedures they were using prior to our research. To better control for group differences on these
variables, future research should consider objectively assessing participants on relevant variables
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prior to assigning them to treatment groups. For example, if knowledge of behavioral principles
was thought to be a relevant variable related to exam scores, researchers could administer a test
on those principles and then assign a score to each participant. This would allow the researchers
to employ a matched-pairs design wherein participants are paired based on a matching variable
and then randomly assigned to treatment groups thereafter.
Another limitation of our study was that we did not control study behaviors across
groups. This was due to our research occurring during COVID-19 as well as other practical
considerations. It is possible that the studying behaviors of the participants contributed to exam
performance independently of flashcard creation type. Additionally, the majority of exam
questions did not have one-to-one correspondence with the answer on the flashcards, meaning
the exam questions that did not require a short answer response may have been a test of
recognition rather than true recall.
The content of the flashcards is another opportunity for uncontrolled group differences.
We did not evaluate the content of the flashcards for accuracy or consistency, meaning there
could have been differences in the accuracy and amount of information the participants included
on their flashcards between groups, which has the potential to affect exam performance.
However, it should be noted that the participants used identical course materials and were given
identical instructions as to how much information should be contained on each flashcard.
Additionally, it is possible that those in the digital group used the copy and paste function to
complete their flashcards as opposed to typing the study material onto the flashcard manually.
They could have also shared electronic files with one another which would have resulted in some
participants failing to independently create flashcard sets. Future research should ensure that all
electronic course materials are locked in order to disable the copy function. Lastly, researchers
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should consider an authentication process wherein each participants submission is labelled with
the username of the creator of the set. This would allow researchers to ensure the participant
submitting the flashcards actually created the flashcards.
Given the findings of our study, there are several future directions for this line of
research. Since the results of our research contradict the findings of the previous literature
(Aragón-Mendizábal et al., 2016; Mangen et al., 2015; Longcamp et al., 2008; Smoker et al.,
2009), we recommend this study be replicated to determine if these same results can be obtained
across different participant groups and courses. If, in fact, replications of this study yield similar
results and the digital flashcard group performs significantly better than the paper group, we
recommend conducting the research in a way that eliminates studying behaviors altogether since
this was the largest uncontrolled factor in our study. This would require that the research be
conducted in a lab setting where the participants are given a small number of college-level study
objectives over novel material and asked to create flashcards given their assigned method. Once
the flashcards are created, the participants should be tested immediately for recall within the
same session. This eliminates the chance that studying behaviors impact recall performance
while also maintaining the complexity of study material.
Future researchers should also consider designing studies that would our assumptions
concerning stimulus control. This could be achieved by having the participants create flashcards
(paper and digital), and then presenting recall tests both on paper and electronically. This would
allow researchers to evaluate which type of recall tests the participants perform better on, given
their assigned flashcard method.
Due to the difficulty of reducing pre-existing differences between groups, ideally, this
research should be replicated using a within-subjects design, namely an alternating treatments
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design with counterbalancing. Researchers could achieve this by utilizing small amounts of
college-level objectives in the lab setting as detailed previously. Alternatively, and if researchers
wanted to maintain the applied nature of this research, they could conduct the study using an
alternating treatments in the classroom setting. However, this design and research environment
does not come without difficulties. To conduct an alternating treatments design in the college
learning environment, researchers would need to first analyze each unit exam to ensure there
were no innate differences in difficulty across exams. If there were differences in difficulty
across exams, it would be difficult for the researchers to distinguish true treatment effects from
general differences in exam difficulty across units. To achieve similar difficulty levels across
exams, it would likely require the course instructors redesign some or all of the exams. Once all
exams had equal difficulties, participants should be exposed to different flashcard types across
units and while measuring exam scores. Additionally, these exams should require short answer
responses to ensure one-to-one correspondence between the flashcard answers and exam
answers.
In summary, college students are routinely asked to recall complex information in their
courses and thus, it is important that educators understand the most efficient and effective way to
create study materials. We answered specific calls made by Sage et al. (2019) to extend this
research line into a real classroom using complex course material. Our research adds to the
growing literature base related to handwriting and typing studying material; however, our
findings contradict the existing literature (Aragón-Mendizábal et al., 2016; Mangen et al., 2015;
Longcamp et al., 2008; Smoker et al., 2009). Further investigations are warranted to understand
why differences between flashcard creation methods exist and if those differences exist in other
participant groups and college courses. We are encouraged by the results of our study as they
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offer a new research opportunity for behavior analysts. We are hopeful that this line of research
will continue to grow and contribute to making the learning environment more effective.
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Western Michigan University
Department of Psychology
Principal Investigator:
Student Investigator:
Title of Study:

Heather McGee, Ph.D.
Sally Weigandt, M.A.
To Write or Type? A Comparison of Flashcard Creation Methods
on College Students’ Exam Scores

You are invited to participate in this research project titled “To Write or Type? A Comparison of
Flashcard Creation Methods on College Students’ Exam Scores”

STUDY SUMMARY: This consent form is part of an informed consent process for a research
study and it will provide information that will help you decide whether you want to take part in
this study. Participation in this study is completely voluntary. The instructors of record will not
be informed of the who has chosen to participate in the study; consent information will be kept
confidential. The purpose of the research is to evaluate the differences between handwriting
paper flashcards and typing digital flashcards on students’ exam scores and will serve as Sally
Weigandt’s dissertation for the requirements of her doctoral degree. If you take part in the
research, you will be asked to allow the researchers to obtain your GPA, exam scores, and
flashcard submission data for PSY 2444. Additionally, you will take a short online survey
following the completion of the study. Your time in the study will take approximately 20 minutes
to complete the survey. Possible risk and costs to you for taking part in the study may be time to
complete a brief survey; there are no foreseen direct benefits of participating in the study. Your
alternative to taking part in the research study is not to take part in it.
The following information in this consent form will provide more detail about the research study.
Please ask any questions if you need more clarification and to assist you in deciding if you wish
to participate in the research study. You are not giving up any of your legal rights by agreeing to
take part in this research or by signing this consent form. After all of your questions have been
answered and the consent document reviewed, if you decide to participate in this study, you will
be asked to sign this consent form.
What are we trying to find out in this study?
Due to flashcard study methods being common among college students, we are interested in
finding the most effective way for students to create their flashcards. That is, we want to know if
creating digital flashcards by typing information into a web-based application (such as Quizlet)
is as effective, more effective, or less effective in teaching the content than handwriting
information on paper flashcards. We hope to use the results of this study to create the most
effective learning environment for students as possible.
Who can participate in this study?
Any WMU student enrolled in PSY 2444 during the Spring 2021 semester is eligible to
participate in this study.
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Where will this study take place?
This study will take place completely online. You will simply complete the course activities as
outlined in the course syllabus and will complete an online survey at the end of the study.
What is the time commitment for participating in this study?
Above the normal time requirements of the course, the online survey will take approximately 20
minutes to complete.
What will you be asked to do if you choose to participate in this study?
You will complete an online survey at the end of the study.
What information is being measured during the study?
If you agree to participate in the study, we will obtain your GPA, PSY 2444 exam scores, and
will measure whether you completed flashcards for each unit by visually analyzing your
flashcard submission documents. Additionally, we will measure if those who completed digital
flashcards submitted PDF files of the flashcards or pictures of printed flashcards. We will ask for
basic demographic information, major, undergraduate status as well as satisfaction ratings via an
online survey.
What are the risks of participating in this study and how will these risks be minimized?
There are no foreseen risks for participating in the study above normal risks associated with
participation in the PSY 2444 course.
What are the benefits of participating in this study?
The information gathered through the study will inform educational practices in the future.
Are there any costs associated with participating in this study?
There are no costs associated with participation in the study.
Is there any compensation for participating in this study?
The course instructors will provide 10 extra credit points to those students who complete the
informed consent survey (via Qualtrics), regardless of participation choice. All students will have
the opportunity to receive 10 extra credit points for an alternative activity (if you wish to not
complete the informed consent survey) as determined and communicated by the instructors of
recorded.
Who will have access to the information collected during this study?
The student investigator and principal investigator will have access to the research data collected
in the study. The data will be kept on an encrypted file and stored on a secure USB drive. After
three years, the data will be destroyed.
If the data are presented in a published article or at a professional conference, they will be deidentified using random number codes.
What will happen to my information or biospecimens collected for this research project
after the study is over?

54

After information that could identify you has been removed, de-identified information collected
for this research may be used by or distributed to investigators for other research without
obtaining additional informed consent from you.
What if you want to stop participating in this study?
You can choose to stop participating in the study at anytime for any reason. You will not suffer
any prejudice or penalty by your decision to stop your participation. You will experience NO
consequences either academically or personally if you choose to withdraw from this study.
If you choose to stop participating in the study, you may inform the student investigator or the
principle investigator.
The investigator can also decide to stop your participation in the study without your consent.
Should you have any questions prior to or during the study, you can contact Dr. Heather McGee
at 269-387-4460 or heather.mcgee@wmich.edu or Sally Weigandt at 989-306-7012 or
sally.l.weigandt@wmich.edu. You may also contact the Chair, Institutional Review Board at
269-387-8293 or the Vice President for Research at 269-387-8298 if questions arise during the
course of the study.
This study was approved by the Western Michigan University Institutional Review Board
(WMU IRB) on (approval date).
Participating in this survey online indicates your consent for use of the answers you supply
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Social Satisfaction Survey
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The following questions will be included in a Qualtrics survey to students:
1. What is your major? (fill in the blank)
2. What is your undergraduate student status? (multiple choice)
Answer options: Freshman, Sophomore, Junior, Senior
3. What is your gender identity? (multiple choice/fill in the blank)
Answer options: Female, Male, Prefer to Not identify, Other: ___________
4. How old are you? (fill in the blank)
5. How many psychology courses have you had prior to this course? (multiple choice)
Answer options: 3 or more, 2, 1, 0
6. A touch typist is typically defined as someone who can type quickly without looking at
the keyboard. Would you consider yourself a touch typist? (multiple choice)
Answer options: Yes, I can type quickly without looking at the keyboard; Somewhat, but
I sometimes have to look at the keyboard while typing; No, I have to look at the keyboard
often while typing
7. Have you ever used flashcards to study for college exams prior to this course? (multiple
choice)
Answer options: More than 3 classes, 2 – 3 classes, 1 class, Never
8. If you have made flashcards in the past for other courses, did you create paper or digital
flashcards more often? (multiple choice)
Answer options: Paper, Digital, Both equally as often
9. Do you prefer studying digital or paper flashcards more? (multiple choice)
Answer options: Digital, Paper, No preference
10. Do you prefer creating digital or paper flashcards more? (multiple choice)
Answer options: Digital, Paper, No preference
11. Did you find the method you used for creating flashcards (typing or handwriting) in this
course helpful in teaching you the exam material? (multiple choice/short answer)
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Answer options: Yes, No, If no, why not:____________

12. Approximately, how much time did you spend each unit creating flashcards? Note- Do
not count the time you spent studying the flashcards. (multiple choice)
Answer options: Less than 1 hour, 1 – 2 hours, 3 – 4 hours, more than 4 hours
13. Approximately, how much time did you spend each unit studying the flashcards? NoteDo not count the time you spent creating the flashcards. (multiple choice)
Answer options: Less than 1 hour, 1 – 2 hours, 3 – 4 hours, more than 4 hours
14. Do you feel the time/effort you put into creating and studying the flashcards was worth
the results you achieved in the course? (Multiple Choice)
Answer options: time to create the flashcards was worth it but time to study them was
not, time to study the flashcards was worth it but time to create them was not, neither the
time to create nor study the flashcards was worth it, both the time to create and to study
the flashcards were worth it
15. Overall, how satisfied were you with the specific flashcard procedures used in this
course?
Scale: 1- Highly dissatisfied, 3- Neutral, 5- Highly satisfied
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